Abstract: Folate metabolism plays quite a critical role in Parkinson's disease (PD). Previous published research works have studied the link existing between the folate metabolism genetic polymorphisms and PD susceptibility; nevertheless, the results continue having controversies and inconclusiveness. Accordingly, we carried out the present meta-analysis for the assessment of the potential link between the folate metabolism genetic polymorphisms and the susceptibility to PD. In addition we carried out a literature search in the PubMed, EMBASE, Cochrane Library, and WanFang databases till November 10, 2018. The odds ratios (ORs) with corresponding 95% credible interval (95%CI) were put to use for evaluating the strength of the association of three folate metabolism genetic polymorphism ( C677T, A1298C, and A2756G) with the susceptibility to PD. Each statistical analysis was carried out with the use of STATA 15.0. An aggregate of twenty-one case-control investigations were retrieved, which involved 3,944 PD patients and 4,412 controls. We discovered the existence of no substantial link between the C677T and A1298C polymorphism and PD risk in any genetic framework comparisons. With regard to A2756G polymorphism, we discovered that there was an association between the A2756G genetic polymorphism and an augmented threat of PD in the co-dominant genetic framework (GG vs. AA: OR=1.86, P=0.042) and the recessive genetic model (GG vs. GA+AA: OR=1.90, P=0.031). To summarize, our research work indicates that the A2756G polymorphism of the folate metabolism gene had an association with an augmented threat of PD. Also, A1298C polymorphisms is unlikely to significantly contribute towards the susceptibility to PD. Further large-scale case-control studies are still required.
Introduction
Parkinson's disease (PD) is termed as the second most frequently prevalent neurodegenerative disorder following the Alzheimer's disease, which impacts approximately 1% of the individuals aged more than 60 across the globe and 4-5% of people aged more than 85 years [1, 2] . Clinically, PD is manifested by the classical motor symptoms, which include not only the tremor, but also the rigidity, bradykinesia, and postural instability, significantly impacting the patients' quality of life [2, 3] . These medicinal presentations constitute the results of dopaminergic neuron loss in the substantia nigra, leading the lowered degrees of dopamine in the striatum and disrupted motor control. Despite the fact that the reason leading to the neuronal loss is not clear, more and more evidence has suggested that mitochondrial impairment, endothelial damage, inflammatory process, and oxidative stress are considered as playing key roles when it comes to the selective dopaminergic cell death in the brain of those patients, who have PD [4, 5] .
Homocysteine (Hcy) has been observed as enhancing mitochondrial dysfunction, apoptosis, and oxidative stress, together with being a contributing determinant in the pathophysiological process to a number of neurodegenerative diseases that include PD [6, 7] . Hcy is a sulfur-containing amino acid, which is derived from the demethylation of methionine by means of the methionine cycle and the folate cycle [8] . Methylenetetrahydrofolate reductase (MTHFR) is a folate-reliant enzyme that cata-lyzes 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate. The output is termed as the dominant form of circulating folate, besides providing a methyl group for the re-methylation of Hcy back to methionine [8] . Three common variants (C677T, A1298C, and A2756G) in the MTHFR gene, which lower the function of MTHFR, in addition to further resulting into the metabolic disruption of Hcy, have been indicated as having association with the risk of patients with PD [8, 9] .
A number of case-control investigations have explored the potential link that exists between the MTHFR genetic polymorphisms and susceptibility to PD, but the findings are still inconclusive [9] [10] [11] [12] . Hence, we carried out the present meta-analysis in order to clarify the link existing between the MTHFR polymorphisms and susceptibility to PD with the use of qualified data attained from the published case-control research works.
Materials and methods
The current meta-analysis was carried out in accordance with the consensus statement of the Meta-analysis of Observational Studies in Epidemiology recommendations [13] . All the analysis was carried out on the basis of previously published works; in this manner, ethical approval and patient consent were not required.
Identification of eligible studies
A literature search in the PubMed, as well as in the EMBASE, Cochrane Library, and WanFang databases was carried out to figure out the eligible studies, and the latest search was updated in November 2018. The terms presented as follows, together with their combinations, 
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were searched: 'methylenetetrahydrofolate reductase' OR 'MTHFR' AND 'Parkinson's disease' OR 'PD' AND 'polymorphism*' OR 'variant*'. Each of the search was constrained to English or Chinese language papers.
Inclusion and exclusion
The qualified research works mandatorily require meeting the inclusion criteria as hereunder: (1) evaluate the link existing between the MTHFR polymorphisms and susceptibility to PD; (2) case-control research design; (3) enough amount of data for the calculation of the odds ratios (ORs), coupled with 95 percent confidence interval (95%CI). The research works were not counted on for any of the following reasons: (1) inadequate amount of information for extracting the data; (2) only case study; (3) case reports, reviews, letters; (4) studies carried out in non-humans, and duplicated publication. For the research works having copied data, the biggest or the latest publication was chosen.
Data extraction
All data were independently extracted by two investigators in accordance with the above-mentioned inclusion criteria. Moreover, the following information was extracted from all of the research works included: the first author, in addition to the year of publication, country, ethnicity, genotype distributions in cases as well as controls, besides the detection methodology of genotypes. The disagreement existing between scholars were removed through the consultation with a 3 rd scholar. 
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Statistical analysis
The Hardy-Weinberg equilibrium (HWE) was calculated by the Chi-squared test in control groups in all of the research works; the P-value more than 0.001 demonstrated that the population was in genetic equilibrium. Besides that, the odds ratios (ORs) that had 95 percent confidence interval (CI) were adopted for the purpose of calculating the strength of the link between PD susceptibility and the MTHFR polymorphisms. The importance associated with the accumulated OR was investigated in accordance with the Z-test; in addition, P<0.05 was regarded as having statistical significance. The evaluation of the between-study heterogeneity was carried out with the help of the Q-test as well as I 2 statistics [14] . Moreover, the application of the fixed-effects framework was made at P h >0.1 or I 2 <50% [15] ; or else, the random-effects framework was followed [16] . The sensitivity analysis was carried out through the omission of the single research work always for the evaluation of the robustness of the findings. Also, the underlying publication partiality was assessed with the help of the Begg's funnel plots and Egger's test [17, 18] . All of the statistical analysis was carried out with the use of the STATA version 15.0 software (Stata Corporation, College Station, TX, USA). A P-value below 0.05 was regarded as having statistical significance.
Results
Study characteristics
The flow chart presented in Figure 1 shed light on the research selection mechanism. An aggregate of 256 papers were figured out by means of the preliminary search of databases. In accordance with the inclusion and exclusion criteria presented earlier, an aggregate of 21 case-control research works, which involved 3,944 PD patients and 4,412 controls, were included [10] [11] [12] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Among the selected studies, 20 studies involving 3,712 PD patients and 4,167 controls were carried out for the purpose of evaluating MTHFR C677T polymorphism [10] [11] [12] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] ; 10 studies were carried out for the assessment of MTHFR [19, 26, 29, 31] . Moreover, the key attributes of all of the investigations and HWE examination results were presented in Table 1 . The allocations of the MTHFR genetic mutation in controls were observed as showing consistency with HWE in all studies (P>0.001).
MTHFR C677T and PD Susceptibility
With regard to the MTHFR C677T polymorphism, as revealed by the meta-analysis, there was no statistically significant association in any of the genetic frameworks in the population, in general ( Figure 2A ). For the stratification in accordance with ethnicity, no substantial link in any of the genetic frameworks in Caucasians or Asians ( Figure 2B ) was observed. In the meantime, we conducted the stratified analysis in accordance with the source of controls, substantially augmenting the risk of PD discovered in the allelic genetic framework (T vs. Figure 2C and 2D). Table 2 summarizes the meta-analysis findings between MTHFR C677T polymorphism and PD susceptibility. 
MTHFR A1298C and PD Susceptibility
With regard to MTHFR A1298C polymorphism, the findings, on the basis of all of the involved research works, did not provide any proof of a link between MTHFR A1298C polymorphism and PD risk in any of the genetic framework in the population, in general ( Figure 3A) . For the stratified analysis in accordance with ethnicity, no substantial link in any genetic models in Caucasians or Asians ( Figure 3B ) was discovered. In the subgroup analysis in accordance with the source of controls, the significantly augmented susceptibility of PD was discovered in the allelic genetic framework (C vs. in the population-based study ( Figure 3C and 3D) . Table  3 provides the summary of the findings of comparisons.
MTHFR A2756G and PD Susceptibility
In terms of MTHFR A2756G polymorphism, there was statistically significant association discovered in the co-dominant genetic model (GG vs. AA: OR=1.86, 95%CI=1.02-3.37, P=0.042) and recessive genetic model (GG vs. AA+AG: OR=1.90, 95%CI=1.06-3.41, P=0.031) in the overall population ( Figure 4A and 4B). With regard to the subgroup analysis in accordance with ethnicity, we found no substantial link in any genetic models in Caucasians or Asians. Additionally, in the subgroup analysis in accordance with the source of controls, MTHFR A2756G polymorphism was found to be linked to the increased susceptibility of PD Figure 4C and 4D) . Table 4 presents the summary findings of comparisons.
Sensitivity analysis
For the purpose of assessing the stability of the findings of the meta-analysis, we carried out a sensitivity analysis with the help of the sequentially excluded separate research works. The results, having statistical similarity, were attained subsequent to the sequential exclusion of all studies ( Figure 5 ).
Publication bias
The evaluation of the publication bias was carried out in accordance with the Begg's funnel plots and Egger's test. None of the shapes of the funnel plots indicated any proof of significant asymmetry ( Figure 6 ). Nevertheless, the Egger's test yielded no proof suggesting publication bias. Moreover, the key results as presented in Table 2 -4.
Discussion
Parkinson's disease (PD) is termed as a frequently found neurodegenerative illness that symptoms worsened gradually, ultimately impacting the quality of life of patients. As fully acknowledged, PD is termed as a multifactorial illness, which is a result of intricate gene-gene and gene-environment contacts [37] . Even though the therapy steps have advanced continuously for controlling symptoms, so far no methodology exists for the prevention of the incidence of PD. The latest observations have shed light on the involving homocysteine (Hcy) in the pathogenesis of PD [6, 8, 38] . There are some research works that have discovered an augmented incidence of the illness in those subjects, who carry the MTHFR genotype and identified a major role for Hcy in the promotion of the susceptibility and growth of PD; on the other hand, other research works reached the contrary conclusion [11, 12, 24, 26, 34] . The MTHFR gene is located on chromosome 1p36.3 spanning more than 20 kb and containing a noncoding exon as well as 11 coding exons [39] . In addition, the encoded enzyme catalyzes the conversion of 5,10-methylenetetrahydrofolate, a carbon donor in nucleotide biosynthesis, to 5-methyltetrahydrofolate, the key form of circulatory folate, together with providing a methyl group for the re-methylation of Hcy back to methionine [8] . Genetic mutations in the MTHFR gene have the potential to causing the autosomal recessive homocystinuria because of the MTHFR shortage. In addition, gene variants have been extensively studied in lots of illness, which also include PD.
Even though the augmented number of case-control research works studied the link between MTHFR genetic polymorphism and PD risk; however, the findings remain controversial. In the year 2014, a large case-control study by Liao was conducted for the purpose of investigating the function of the MTHFR genetic polymorphism in PD susceptibility and the results demonstrated that the MTHFR C677T genetic polymorphism had an association with the decreased PD susceptibility [26] . Fong et al. carried out study for the discovery of the link of MTHFR genetic polymorphism with PD susceptibility; the results shed light on the fact that the augmented PD susceptibility is expected to have more significance in the carriers that have the polymorphisms of MTHFR gene [26] . The present meta-analysis is carried out on the basis of the systematic review, which follows the PRISMA guidelines. The robustness of a systematic review involves including the papers that are not based on the selection of authors but the number of papers retrieved from electronic databases. That is why it depends not only on the quality but also the specimen size of investigations involved in the systematic review. Furthermore, a meta-analysis is termed as a methodology pooling the effect sizes of the current scientific literature. A meta-analysis can be carried out on two or more papers. Therefore, it is of great significance to perform a meta-analysis of all of the qualified research works for the clarification of the impacts of the MTHFR genetic polymorphism with PD susceptibility.
As illustrated by the current meta-analysis, the A2756G polymorphism in MTHFR gene had an association with an increased risk of PD. However, the C677T and A1298C polymorphisms are not likely to perform a significant function in the risk to PD. Moreover, the meta-analysis carried out by Liu et al. in the year 2018 demonstrated that MTHFR (C677T and A1298C) polymorphism is likely to have an association with the augmented PD susceptibility, which was different from our result [40] .
The possible constraints of the meta-analysis require consideration. At first, the specimen in this meta-analysis was small in size, which was likely to give rise to the partiality of the findings in the course of the evaluation of the link between MTHFR genetic polymorphisms and risk to PD. Second, the genuine data in some of the research works was deficient that was likely to constrain enough statistical power for the evaluation of the underlying impacts of 
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gene-gene and gene-environment contacts on the growth of PD. Third, the meta-analysis just counts on the research works that were published in English or Chinese that are likely to give rise to the selection partiality in the accumulated findings. Fourthly, a substantial difference exists in numbers between PD cases and controls that is likely to exert an influence on the dependability of our findings. Based on the above reasons, the pooled estimates of our meta-analysis require careful interpretation.
To conclude, the current meta-analysis illustrated the fact that the MTHFR A2756G genetic polymorphism confers susceptibility to PD, but no link was observed to exist between the C677T and A1298C polymorphisms and PD susceptibility. More efficiently formulated investigations, which have larger specimens, are required for the purpose of clarifying the link of the MTHFR genetic polymorphism with PD risk. 
